This review evaluates the potential health benefits of three legume sources that rarely appear in Western diets and are often overlooked as functional foods. Fenugreek (Trigonella foenum graecum) and isolated fenugreek fractions have been shown to act as hypoglycaemic and hypocholesterolaemic agents in both animal and human studies. The unique dietary fibre composition and high saponin content in fenugreek appears to be responsible for these therapeutic properties. Faba beans (Vicia faba) have lipid-lowering effects and may also be a good source of antioxidants and chemopreventive factors. Mung beans (Phaseolus aureus, Vigna radiatus ) are thought to be beneficial as an antidiabetic, low glycaemic index food, rich in antioxidants. Evidence suggests that these three novel sources of legumes may provide health benefits when included in the daily diet.
Introduction
It has long been recognized that legumes are functional foods that both promote good health and have therapeutic properties (Geil & Anderson, 1994) . Legumes are a good source of starch, dietary fibre, protein and minerals such as Ca, Fe, K, Mg and Zn. They are also low in Na and contain no cholesterol. As a group, the nutrient composition of legumes makes them ideal foods to meet dietary recommendations, but consumption in Western countries is low and few distinctions are made between the numerous varieties. In comparison to the more commonly eaten grain products, the health benefits of legumes have been somewhat overlooked. Legumes have low glycaemic indexes (Foster-Powell & Miller, 1995) , have been shown to have hypocholesterolaemic effects (Anderson et al. 1999 ) and contain phytochemicals that may act as chemopreventive agents. As data accumulate, it becomes increasingly clear that the physiological effects of different legumes vary significantly. These differences may result from polysaccharide composition, in particular quantity and variety of dietary fibre and starch, protein make-up, and variability in phytochemical content. Overall, with the exception of soyabeans, few nutritional studies have been carried out in the area of legumes, and even fewer have distinguished between the individual characteristics of this heterogeneous family of foods. Therefore, investigation of less commonly consumed legumes may reveal new sources of functional foods, as potent natural food sources that will prevent disease and act as therapeutic agents. The present paper will focus on three pulses that are common in Asia and Africa, but are less well known in Europe and North America.
New legume sources
Fenugreek (Trigonella foenum graecum) Fenugreek, a legume grown in the Middle East and Asia, has been used for centuries in folk medicine to heal ailments ranging from indigestion to baldness. Studies indicate that fenugreek and isolated fenugreek fractions have numerous therapeutic properties. Fenugreek has repeatedly been shown to have potent antidiabetic activity (Ribes et al. 1986; Madar et al. 1988; Khosla et al. 1995) , the ability to lower plasma cholesterol levels (Sharma, 1984; Valette et al. 1984; Sharma, 1986; Stark & Madar, 1993; Rao, 1996) , antioxidant activity (Ravikumar & Anuradha, 1999) and possess antineoplastic and antiinflammatory properties (Sur et al. 2001) . Equally important to its health promoting potential, there is no evidence that fenugreek produces any acute or cumulative toxicity (Rao, 1996; Muralidhara et al. 1999) .
Fenugreek contains 23 -26 % protein, 6 -7 % fat and 58 % carbohydrates of which 25 % is dietary fibre (US Department of Agriculture, 2001) . Measurements of up to 48 % (w/w) of dietary fibre have been reported in fenugreek samples (Sharma, 1986) . Fenugreek is also a rich source of Fe, containing 33 mg/100 g dry weight (US Department of Agriculture, 2001 ). Similar to other legumes, fenugreek contains saponins, with estimates of up to 5 % w/w saponins (Valette et al. 1984) . Although some of the saponins in fenugreek have been identified (Price et al. 1987; Murakami et al. 2000) , the structures of the saponins found in fenugreek are still being characterized.
The dietary fibre of fenugreek seeds is dispersed throughout the seed coat and is also found in the endosperm (Meier & Reid, 1977) . Chemical analysis of a water-soluble fraction of the seeds found high concentrations of galactomannans (Madar & Shomer, 1990) . The galactomannans are characterized by their high water-holding capacity (16-fold by weight) and by their ability to form highly viscous gels even when relatively diluted (Madar & Shomer, 1990) . Galactomannans are highly hydrophilic in nature and adsorb at interfaces and reduce surface and interfacial tension to levels whereby they can be categorized as surfactants (Garti et al. 1997) .
Fenugreek gel consists predominately of galactomannans with a mannose (M) backbone grafted with galactose (G) units on an average ratio of 1:1. The unique structure of the fenugreek galactomannans, different from those found in guar gum (1G:2M) or locust bean gum (1G:4M), may be responsible for the unique therapeutic properties attributed to fenugreek (Evans et al. 1992) . Because of the 1:1 ratio, fenugreek gum is relatively rich in galactose and therefore, has particularly high water solubility.
The use of fenugreek has been limited due to its bitter taste and pungent odour. Work to isolate the biologically active components, or to produce a debittered product, has been carried out to allow greater use of this legume. The therapeutic properties of fenugreek have been investigated in whole fenugreek seeds, and in various isolates.
Antidiabetic activity. Studies carried out in human subjects show that fenugreek reduces the post-prandial glucose response in both healthy and diabetic individuals. Sharma (1986) observed in acute studies, that whole fenugreek seeds, a gum isolate and defatted seeds all reduced the area under the glucose curve by 35 -42 % and post-prandial insulin levels were also significantly reduced. In contrast, degummed seeds had little effect on the glycaemic response. Madar et al. (1988) reported similar results in non-insulin-dependent diabetics (NIDDM) when 15 g of ground fenugreek seeds were added to a meal tolerance test. These results were confirmed in longer metabolic studies of 10 d to 2 months in both NIDDM and insulindependent diabetic (IDDM) subjects consuming 100 g/d of debittered fenugreek, or fenugreek extracts Gupta et al. 2001) . Fenugreek has been shown to have a high efficacy at relatively low doses and during both acute and longer-term interventions.
Animal studies have been carried out to investigate the mechanisms by which fenugreek induces a hypoglycaemic effect. Studies in streptozotocin diabetic rats (model of IDDM), using ground fenugreek seeds, showed that intubation in combination with a standard starch solution dramatically decreased post-prandial glucose tolerance curves and also significantly reduced the rate of gastric emptying (Madar, 1984) . Inhibited glucose transport was also observed in vitro using inverted sections of rat intestines incubated with fenugreek (Madar, 1984) . The highly viscous gel fraction of fenugreek, rich in galactomannans, was also an effective hypoglycaemic agent (Madar & Shomer, 1990) and significantly inhibited glucose absorption from perfused loops of small intestine (Evans et al. 1992 ). It appears that the soluble dietary fibres in fenugreek acting in the intestinal tract are largely responsible for its strong hypoglycaemic action, and are biologically active in both ground whole seeds and as a purified isolate.
In order to market fenugreek successfully to the public, the soluble dietary fibre fraction rich in galactomannans has been isolated. This fraction is virtually odourless and tasteless, and can easily be incorporated into foodstuffs or taken in capsule form. Industry has successfully added fenugreek isolates to ice cream, pasta, breads and biscuits. When these products were tested in healthy individuals, the glycaemic response was markedly reduced. A 25-60 % decrease in peak glucose levels was observed along with significant decreases in the area under the glucose curves. Addition of fenugreek gel was able to significantly reduce the glycaemic index of these food products (unpublished data).
Recently, Broca et al. (1999 Broca et al. ( , 2000 have demonstrated that the amino acid, 4-hydroxyisoleucine (4-OH-Ile), found in fenugreek, has both insulinotropic and antidiabetic properties. This amino acid has only been isolated in plants, and is found in fenugreek seeds at concentrations of 0·56 % w/w. Intravenous and oral glucose tolerance tests were carried out in healthy dogs and rats and the addition of 4-OH-Ile improved glucose tolerance. Furthermore, a single administration of 4-OH-Ile to IDDM rats partially restored a glucose-induced insulin response. A 6 d subchronic administration of 4-OH-Ile reduced basal hyperglycaemia, decreased basal insulinaemia and tended to improve overall glucose tolerance. In vitro work by the same investigators indicated that 4-OH-Ile directly caused pancreatic b cell stimulation. This stimulation was seen in the micromolar range, but only in the linear isoform of the amino acid (Broca et al. 2000) . It appears that the protein fraction of fenugreek contains biologically active components that may be useful in both preventing and treating diabetes.
Effects on lipid metabolism. The ability of fenugreek to influence lipid metabolism is well established. Studies carried out in human subjects fed 100 g of defatted fenugreek powder for a 10 d period, resulted in decreased levels of serum total cholesterol, LDL -and VLDL -cholesterol and triglyceride levels without alteration of the HDLcholesterol levels . When germinated fenugreek seeds were added to the diet of hypocholesterolaemic subjects (12·5 or 18 g/d) for 30 d, total cholesterol levels and LDL -cholesterol levels were significantly reduced (Sowmya & Rajyalakshmi, 1999) . In type 2 diabetics, 1 g/d of a hydroalcoholic extract added to the daily diet for a 2-month period significantly decreased serum triglycerides and increased HDL-cholesterol (Gupta et al. 2001) .
Results from animal studies help to elucidate potential mechanisms by which fenugreek and fenugreek fractions act as hypocholesterolaemic agents. Sharma (1984) proposed that ground fenugreek seeds, added to a hypercholesterolaemia-inducing diet in rats, prevented elevation of plasma cholesterol levels by increasing faecal bile acid and cholesterol excretion. When various fenugreek fractions were tested, it was shown that neither the lipid extract nor isolated trigonelline were responsible for this property (Sharma, 1986) . Defatted seeds, a gum isolate (rich in dietary fibres) and a crude saponin extract all retained the hypocholesterolaemic characteristics of the whole fenugreek seeds. Stark & Madar (1993) , using an ethanol extract from ground fenugreek seeds, found that the saponin-rich isolate lowered plasma cholesterol levels in hypercholesterolaemic rats by 18 -26 %. The ethanol extract inhibited bile acid absorption in inverted segments of rat intestine in a dose-dependent manner. This suggests that an interaction may be occurring in the digestive tract between bile acids and saponins. It has been hypothesized that micelles are formed from bile acids and saponins, which are not available for absorption due to their large size. This mechanism has been proposed for other saponincontaining foods, such as soya, which also have hypocholesterolaemic properties (Sidhu & Oakenfull, 1986) .
The work of Evans et al. (1992) suggests that the gum fraction or dietary fibre fraction of the fenugreek seed is responsible for its ability to lower cholesterol levels. Using a hypercholesterolaemia-inducing diet in rats, it was observed that feeding galactomannans from fenugreek lowered both liver and plasma cholesterol levels and that the rate of hepatic synthesis of cholesterol was decreased. It is quite possible that both the dietary fibre and saponinrich fraction contribute to the cholesterol-lowering capabilities of whole fenugreek seeds.
Additional therapeutic properties. The effect of fenugreek seeds on blood lipid peroxidation and antioxidants was investigated in diabetic rats (Ravikumar & Anuradha, 1999) . Alloxan-induced diabetes in rats led to increased lipid peroxidation and alterations in circulating antioxidants. Supplementation with fenugreek seeds in these rats significantly lowered lipid peroxidation. In addition, glutathione and b-carotene contents were increased but a-tocopherol levels were lowered. The study showed that the disrupted free-radical metabolism in diabetic rats may be normalized by consumption of fenugreek.
The antineoplastic effect of Trigonella foenum graecum seed extract has been evaluated in the Ehrlich ascites carcinoma (EAC) model in Balb-C mice. Intraperitoneal administration of an alcohol extract of fenugreek both before and after inoculation of EAC cells in mice produced more than 70 % inhibition of tumour cell growth with respect to the control. Treatment with the extract was found to enhance both the peritoneal exudate cell and macrophage cell counts. The extract also produced a significant anti-inflammatory effect (Sur et al. 2001) .
Faba bean (Vicia faba)
The faba bean is one of the world's oldest crops and its economic importance is considerable. Two types of faba beans are eaten, one with an average weight of 800 mg (V. faba major or broad bean) and the other weighing approximately 550 mg (V. faba minor, horse bean, tick bean). Faba beans are commonly eaten in the Mediterranean, China and Brazil. The nutrient composition of faba beans is 26 % protein, 1 -2 % fat, 58 % carbohydrates and 25 % dietary fibre (US Department of Agriculture, 2001 ). There is a significant negative correlation between the in vitro digestibility of faba bean protein and tannin content of the seed. The tannins are found in the hulls, and dehulling is reported to increase the protein digestibility by 85-90 %. In contrast, the presence of other antinutritional factors, such as lectins and protease inhibitors, is low (Smartt, 1990) . Faba beans have a relatively high glycaemic index when compared to other legumes being 791 6 % of the glucose standard (Foster-Powell & Miller, 1995) .
Concern over a decrease in bioavailability of various minerals is associated with legume intake. This problem was investigated in a study carried out in rats which measured mineral balance following consumption of faba beans or faba bean fibre (insoluble residue from hulls) (Rubio et al. 1992) . Whole faba beans significantly reduced the apparent absorption of both Zn and Mn; however, the consumption of the hulls led to reduced Fe absorption, while Cu absorption was slightly increased. The faba bean varieties used in this particular study had relatively low phytate content; it is quite likely that a higher phytate content would further impair mineral balance.
Faba bean consumption is limited in some populations due to favism, haemolytic anaemia due to a congenital deficiency of the enzyme glucose-6-phosphate dehydrogenase (Smartt, 1990) . Therefore, before making general recommendations for increasing faba bean consumption in a particular population, mineral status and the prevalence of favism should be considered.
Effects on lipid metabolism. Faba beans are thought to have a beneficial impact on lipid profiles. In human studies, Weck et al. (1983) demonstrated that in subjects with hypercholesterolaemia (type IIa), faba bean protein had a cholesterol-reducing efficacy comparable to that of soya protein. The lipid-lowering effects of Vicia faba have been documented more extensively in animal studies. When faba beans were added to a hypercholesterolaemiainducing diet fed to rats, a significant decrease in plasma cholesterol levels was observed after 2 weeks of intervention (Bonilla et al. 1998) . Macarulla et al. (2001) also reported that both whole seeds and a protein isolate fed to rats significantly decreased plasma LDL þ VLDLcholesterol while HDL -cholesterol levels were unchanged. Hepatic cholesterol and triacylglycerol were also reduced. The whole seeds had the added benefit of lowering plasma triacylglycerol levels. When the hypocholesterolaemic mechanisms were investigated, endogenous cholesterol synthesis was not reduced, but increased faecal steroid excretion was observed. Because the whole seed was more effective than the protein isolate, it may be concluded that other components of the faba bean (i.e. dietary fibre) contribute to its hypocholesterolaemic properties.
Additional therapeutic properties. Faba beans contain agglutinin, a lectin that has been shown to alter the proliferation rate of colonic cells (Jordinson et al. 1999) . In a human colon cancer cell line, lectins from faba beans were able to stimulate undifferentiated cells to form gland-like structures. Cellular differentiation of this variety is thought to slow the progression of colon cancer and inhibit uncontrolled cellular proliferation. Although lectins are commonly considered to be antinutritional factors, their adverse effects are diminished following denaturation during cooking. It is unclear if thermal treatment of the lectins used in these experiments would modify experimental results.
Water-soluble proteins were isolated from faba beans and their ability to act as free-radical scavengers was investigated in a human fibroblast model (Okada & Okada, 2000) . In this model, the proteins from faba beans induced an increase in catalase activity and glutathione concentrations, which suggest an enhanced antioxidative capacity in tissues exposed to the faba bean protein isolate. The effects of thermal treatment on these proteins were not reported.
Mung beans (Phaseolus aureus, Vigna radiatus)
The mung bean is an ancient crop of Asia, where there are many seed sizes, shapes and colours. Mung beans, or green gram, are similar in composition to other members of the legume family, with 24 % protein, 1 % fat, 63 % carbohydrate and 16 % dietary fibre (US Department of Agriculture, 2001 ). Similar to most legumes, mung beans lack sulphur-containing amino acids and uncooked beans contain trypsin inhibitors (Khader & Rao, 1996) . Cooking slightly improves the nutritive value. Mung beans are commonly eaten as bean sprouts, and extruded mung bean starch is used in the production of vermicelli or glass noodles. These noodles are made from a mixture of mung bean starch and potato starch and, when boiled, become gelatinous in texture and transparent.
Antidiabetic activity. Mung bean starch is considered to be a low glycaemic index carbohydrate (Juliano et al. 1989; Lerer-Metzger et al. 1996; Kabir et al. 1998 Kabir et al. , 2000 . When tested in non-insulin-dependent diabetics, cooked noodles from mung beans were shown to have a lower glycaemic index than two types of cooked rice and five other types of noodles (Juliano et al. 1989) . In addition, in vitro starch digestibility was low and amylose content was high. An additional study indicated that the mung bean starch contained approximately 8 % resistant starch (Lerer-Metzger et al. 1996) . It is likely that both the high amylose content and the presence of resistant starch formed from retrogradation in thermal processing contribute to the low glycaemic index of mung bean products.
In healthy rats, feeding of mung bean starch for 5 weeks led to lowered non-fasting plasma glucose and free fatty acid levels in comparison to rats fed wheat starch. In both healthy and diabetic rats the mung bean starch reduced plasma triacylglycerol concentrations and adipocyte volume was decreased. This indicates that the use of starch from mung beans may be beneficial for modifying both glucose and lipid metabolism. Kabir et al. (1998) showed that in comparison to a high glycaemic index starch (waxy cornstarch), the use of mung bean starch from cooked and powdered Chinese noodles led to lower fatty acid synthase activity and mRNA expression in adipose tissue but not in liver of healthy rats. Furthermore, Glut4 expression was lower in adipose tissue, suggesting that less glucose is available for lipogenesis. In an additional study by the same group of investigators (Kabir et al. 2000) , long-term feeding (12 weeks) of mung bean starch in rats resulted in significantly higher levels of plasma leptin and lower levels of circulating free fatty acids. These results indicate that consumption of starch from a legume source influences plasma leptin levels and may have a beneficial effect in preventing weight gain or increasing fat mass.
Effects on lipid metabolism. Dietary fibre prepared from crude mung bean sprouts (Nishimura et al. 2000) was tested for its cholesterol-lowering effects in rats. Following 21 d on a fibre-enriched diet, a significant reduction in total plasma cholesterol levels was observed, accompanied by an increase in total caecal short-chain fatty acids. These data confirm that mung bean sprouts contain fermentable dietary fibres, but the role of caecal fermentation products in lipid metabolism remains to be elucidated.
Additional therapeutic properties. A methanol extract of mung bean hulls was shown to have a wide range of in vitro antioxidative properties (Duh et al. 1999) . Lipid and protein oxidation were inhibited along with decreased deoxyribose damage. The extract exhibited metal-binding ability and free-radical scavenging activity, both potential mechanisms by which lipids and non-lipids are protected from oxidative damage. Lee et al. (2000a,b ) demonstrated that an aroma extract from mung beans produced by steam distillation possessed antioxidative activity which was comparable to that of vitamin E. Maltol and eugenol were identified, both considered potent antioxidants.
Conclusions
Research to substantiate the therapeutic properties of novel legume sources is limited and an insufficient number of controlled studies have been carried out to confirm health benefits definitively. However, based on the available data, it appears that novel sources of legumes have a wide variety of health-promoting activities. In addition, it should be noted that no two legumes are the same, and that some varieties have greater potential to act as therapeutic agents than others. It is important to increase awareness of the public, researchers, doctors and nutritionists as to the unique properties of individual legumes in order to recommend those that are most beneficial for maintaining good health and preventing disease. It is also important to investigate legumes that are less well-known but which may have potential as functional foods.
